Objective. This study was conducted to determine whether trained male rescuers could maintain adequate chest compression depth (CCD) for longer than the current recommended guidelines of 2 minutes. Methods. Forty male medical doctors administered a 5-minute single rescuer cardiopulmonary resuscitation (CPR) to a manikin on the floor with conventional CPR or randomly administered continuous chest compressions (CCC). The ratio of compression to ventilation was set to 30:2 with mouth-to-mouth technique during conventional CPR. Chest compression data were recorded with an accelerometer device and divided into 1-minute segments for analysis. Results. Although average CCD maintained the recommended depths throughout 5 minutes in conventional CPR, it decreased significantly with CCC (1 minute: 55.4 ± 4.5 mm; 2 minutes: 54.2 ± 5.4 mm; 3 minutes: 52.6 ± 5.6 mm; 4 minutes: 51.6 ± 5.5 mm; 5 minutes: 49.9 ± 5.8 mm, p < 0.001). The average chest compression numbers (ACCN) per minute were maintained over 80/min and have not been changed significantly within 5 minutes in the CCC. However, it didn't reach to the 80/min and decreased significantly after 3minutes compared to the baseline ACCN during first 1-minute segment in the conventional CPR. Conclusions. Despite the chest compression providers being limited to trained male medical doctors, the average CCD decreased significantly within 5minutes with CCC. Although maintaining adequate CCD, ACCN in each minute decreased significantly after 3minutes in the conventional CPR. Therefore, we should rotate chest compression providers every 2minutes regardless of the rescuer's qualifications and CPR methods.
INTRODUCTION
The 2015 cardiopulmonary resuscitation (CPR) guidelines recommend that the chest compression providers should rotate every two minutes or sooner. (1)This is because chest compression depth (CCD) starts to deteriorate significantly after 1.5 to 2 minutes of continuous chest compressions (CCC). (2) On the other hand, CCD decreases more slowly when the chest compression provider uses the conventional CPR method with a compression to ventilation ratio of 30:2. (3) Therefore, the chest compressor could maintain adequate CCD for a longer period with conventional CPR. However, it has not yet been revealed how long we can maintain adequate CCD with conventional CPR. In addition, chest compression quality could be affected by many factors, such as rescuer's gender, body weight, qualifications, and muscular fitness. (4-8) If we could restrict the chest compression provider to trained male rescuers, the chest compression quality might be improved. We hypothesized that trained male rescuers could maintain adequate CCD for longer than the current recommended guidelines of 2 minutes. This study was conducted to confirm our hypothesis in two different CPR methods: conventional CPR and CCC.
METHODS

Study design
This was a prospective randomized trial comparing the quality of chest compression between CCC and conventional CPR performed by trained male rescuers. The trial design was approved by the Institutional Review Board of our hospital. All participants gave their written informed consents before the trial.
Study setting
The trial was conducted using an adult cardiac arrest simulation. The simulation scenario assumed that a visitor to our hospital suddenly collapsed in a hospital corridor. Therefore, the simulation was conducted on the floor. A Little Anne (Laerdal Medical, Stavanger, Norway) was used as a simulated cardiac arrest patient. The study participant assumed the role of a bystander performing single rescuer CPR until arrival of the CPR team. The simulation time was set at 5minutes considering the average CPR team activation time. As study participants, we recruited male medical doctors from our hospital's CPR team who had completed a basic life support course and an advanced cardiovascular life support course within the last 2 years. The participants were randomly allocated to group A or B. The participants of group A performed a 5-minute conventional CPR and the participant of group B performed a 5-minute CCC in the same setting. The mouth-to-mouth technique with a face shield was used as a ventilation method during conventional CPR. The chest compression to ventilation ra-tio was set to 30:2 according to the 2015 CPR guidelines. (9) The compression parameters were collected using CPRmeter (Laerdal Medical) and the data were divided into 1-minute segments for analysis by using Q-CPR Review V.3.1. software (Laerdal Medical).
Statistical analysis
The sample size was calculated using an average CCD as a primary outcome variable. We hypothesized that the average CCD of CCC was as much as 10% lower than that of the conventional CPR. In a previous study, the average CCD was 53.9 ± 5.8 mm. (10) We set the two-sided significance level at 0.05, the power of the test at 80%, and the allowable difference at 5.39 mm. The minimum number of participants was determined as 19 in each group using a web program (sample size calculator: two parallel-sample means). (11) All statistical analyses were performed using IBM SPSS Statistics, version 23.0 (IBM Corp., Armonk, NY, USA). The continuous variables were presented as the mean ± standard deviation (SD), and the categorical variables expressed as percentages. The Friedman test was used to determine whether the average chest compression parameters in 1-minute segments changed significantly for 5minutes. The Mann-Whitney U-test was used to compare data between two groups. In addition, the Wilcoxon signed-rank test was used for statistical comparisons in average chest compression numbers (ACCN) per minute over consecutive 1-minute segments compared to baseline ACCN during the first 1-minute segment. A p value < 0.05 was considered statistically significant.
RESULTS
A total of 40 male medical doctors were recruited and randomly assigned to Group A or B. There were no significant differences in the baseline characteristics between the two groups (table 1).
Comparisons of chest compression parameters during 5 minutes
Both groups achieved adequate CCD during 5minutes without significant difference (Group A: 54.7 ± 4.7 mm, Group B: 52.6 ± 5.0 mm, p = 0.192). The average chest compression rate was also adequate without significant difference (Group A: 116.0 ± 11.8, Group B: 116.4 ± 8.9, p = 0.883). As expected, total chest compression numbers between the two groups were significantly different (Group A: 376 ± 35.9 compressions, Group B: 585.4 ± 44.1 compressions, p < 0.001). As a result, ACCN in each minute was significantly higher in the CCC than in the conventional CPR (117.1 ± 8.8 vs. 75.2 ± 7.2 number/min, respectively, p < 0.001). However, average flow time in the conventional CPR group was greater than 60% and considered adequate by current standards (64.8 ± 4.0%). (9) Changes in chest compression parameters over consecutive 1-minute segments Although average CCD maintained the recommended depths throughout 5min-utes in conventional CPR (1 minute: 54.8 ± 5.3 mm; 2 minutes: 55.0 ± 5.2 mm; 3 minutes: 54.9 ± 5.2 mm; 4 minutes: 54.7 ± 4.8 mm; 5 minutes: 54.5 ± 4.3 mm, p = 0.974), it decreased significantly with CCC (1 minute: 55.4 ± 4.5 mm; 2 minutes: 54.2 ± 5.4 mm; 3 minutes: 52.6 ± 5.6 mm; 4 minutes: 51.6 ± 5.5 mm; 5 minutes: 49.9 ± 5.8 mm, p < 0.001, table 2). As a result, the average CCD in the CCC was significantly lower than that of the conventional CPR after 4-minutes (Group A figure 2 ). However, it didn't reach 80/min in the conventional CPR (1 minute: 79.3 ± 11.5; 2 minutes: 75.0 ± 8.0; 3 minutes: 74.8 ± 9.8; 4 minutes: 73.6 ± 7.9; 5 minutes: 74.6 ± 9.1, p = 0.139, figure 2 ). In addition, it decreased significantly after 3minutes compared to the baseline ACCN during the first 1-minute segment in the conventional CPR (1 minute vs. 4 minute: 79.3 ± 11.5 vs. 73.6 ± 7.9, p = 0.007; 1 minute vs. 5 minute: 79.3 ± 11.5 vs. 74.6 ± 9.1, p = 0.036). Data are presented as mean ± SD CCD, chest compression depth; CCR, chest compression rate. p < 0.05 is presented in bold.
DISCUSSION
We can improve survival after cardiac arrest by maintaining high-quality CPR (e.g., adequate rate, adequate depth, allowing full chest recoil, minimizing interruptions and avoiding excessive ventilation). (9) Therefore, we should try to achieve these goals during CPR. Recently, many factors affecting quality of CPR, especially adequate CCD and chest recoil have been identified. (5) (6) (7) (12) (13) (14) (15) (16) (17) (18) (19) In summary, the weight of the provider can impact the quality of CPR: being underweight has a negative effect on achieving adequate depth and being overweight has a negative effect on allowing full chest recoil. (5, 13, 16) In addition, greater muscular strength has a positive effect on achieving adequate depth. (6, 7, 14) If we can organize CPR teams that satisfy these conditions (e.g., limiting CPR team members to male rescuers who have normal body weight and greater muscular strength), we can improve the quality of CPR. (12) This study was conducted to confirm whether we could maintain adequate CCD for a sufficient time by limiting chest compression providers to trained male medical doctors using two different CPR methods (Conventional CPR vs. CCC). Based only on the result of conventional CPR, it might seem that our hypothesis was true. Although the rescuers of the previous study did not maintain adequate CCD beyond 1minute with CCC, the study participant of our study (male medical doctors) maintained adequate CCD beyond 1minute with CCC. (8) However, CCD decreased significantly within 5minutes even though we limited the chest compression providers to trained male medical doctors ( figure  1 ). By limiting chest compression providers to trained male medical doctors, we achieved an adequate chest compression fraction (64.8 ± 4.0%). Current guidelines recommend performing CPR with the goal of the chest compression fraction being as high as possible; the target should be at least 60%. (9) However, the ACCN in each minute did not reach 80 throughout the 5minutes with conventional CPR and decreased significantly after 3minutes (figure 2). Previous study reported that the higher chest compression rates were significantly correlated with return of spontaneous circulation. (20) Average chest compression rates of the survivors were significantly higher than the non-survivors (90 ± 17 versus 79 ± 18 compressions per minute).
(20) Therefore, in our study, the ACCN in each minute during conventional CPR failed to reach the adequate compression number. In addition, significant decrease of the ACCN in each minute after 3min-utes might be caused by the rescuer's accumulated fatigue.
The present study has several clinical implications. First, CCD decreased significantly within 5minutes with CCC despite limiting the chest compression provider to a trained male medical doctor. Therefore, we should rotate chest compression providers according to the current guidelines regardless of the rescuer's qualifications. Second, conventional CPR could not provide adequate chest compression numbers in each minute despite limiting the chest compression provider to a trained male medical doctor. In addition, ACCN in each minute decreased significantly after 3min-utes. Therefore, we should also rotate chest compression providers in the conventional CPR regardless of the rescuer's qualifications. Our study had several limitations. First, the study design did not include CPR conducted by the trained female medical doctors or other types of rescuers. Therefore, our result could not confirm our hypothesis clearly; trained male rescuers could maintain adequate CCD for a longer period. Second, the data were measured using simulation models with manikins and accelerometer devices, and thus may have limited applicability to human patients. Third, the condition of the study participants was only restricted by gender. Although body weight and muscular strength of the rescuers could affect compression qualities, we could not control these conditions because of the small number of CPR team members. 
CONCLUSIONS
Despite the chest compression providers being limited to trained male medical doctors, the average CCD decreased significantly within 5minutes with CCC. Despite maintaining adequate CCD, ACCN in each minute decreased significantly after 3minutes in the conventional CPR. Therefore, we should rotate chest compression providers every 2minutes regardless of the rescuer's qualifications and CPR methods.
